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ABSTRACT 

This technical memorandum presents guidance for the geometric design of turnouts, crossovers, 
and station connection tracks with turnouts and return curves to be used in the basic design in 
order to achieve a safe and reliable operating railway that meet applicable regulatory 
requirements and achieve the operational and performance requirements for equipment traveling 
on California High-Speed Train (CHST) rail lines. 

 This technical memorandum presents the theoretical basis for the geometric design for 
turnouts. 

 This technical memorandum presents a summary of turnout designs used in the US and 
on high speed train systems in France, Japan, Germany, Italy, and Austria for purposes 
of examples, foundation and substantiation of the designs developed in this technical 
memorandum. 

 This technical memorandum develops and presents the specific geometric designs to be 
used in turnouts, crossovers and station connection tracks. 

 This technical memorandum is not a specification for track materials or track construction 
but is the guideline for the development of those specifications. 

 This technical memorandum will not include analysis or discussion of the operation of 
turnouts, including such things as the nature and spacing of drive points or the usage of 
switch machines and additional drives. 

The information presented in this technical memorandum will be included in the CHSTP Design 
Manual. 
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 Spring Frog:  A frog without a fixed open flangeway on one side between the frog 
point and wing rail that has springs holding that wing rail up against the frog point 
on that side so as to provide unbroken wheel support for the main track.  The 
other wing rail is fixed.  Main track traffic travels on the fixed wing side of the frog, 
not moving the frog.  The wheels of diverging side traffic opens the sprung wing 
rail which is then forced closed by the spring after the wheel has passed.  Spring 
frogs are either right handed or left handed.  These devices are normally used 
only where the traffic on the side springing the wing rail is 20% or less of the total 
traffic over the frog.  These devices are generally unknown outside North America. 

 Swing Nose Frog: A frog in a turnout with a movable frog point connected to a 
switch machine for manipulation relative to the switch position. 

 Point of Frog:  In American terminology, the point where the gauge lines are ½ 
inch apart, or the point located one-half the distance in inches from the 
intersection of the gauge lines of the rails through the frog.  In European 
terminology, the theoretical point of intersections of the gauge lines of the rails 
through the frog.  The point as defined in European terminology is usually called 
the theoretical point of frog in American terminology. 

 Heel of Frog:  End of rails that are part of the frog assembly on the end away 
from the switch 

 Toe of Frog: End of rails that are part of the frog assembly on the end toward the 
switch. 

• Lead: American definition:  The distance from the actual point of switch to the ½ inch 
point of frog.  European definition:  The nearest European equivalent is the distance from 
the switch end theoretical beginning of the turnout curve to the theoretical point of frog. 

• Switch: The component of a Turnout consisting of switch rails and connecting parts 
providing a means for making a path over which to transfer rolling stock from one track to 
another. 

 Split Switch: Synonymous with Switch on modern railroads.   

 Secant Point Switch:  A switch point in which the arc of the radius of the switch 
rail or the turnout itself crosses the gauge line of the stock rail. American 
standard switch rails are Secant Point Switches. 

 Tangent Point Switch:  A switch point in which the arc of the radius of the switch 
rail or the turnout itself matches the gauge line of the stock rail.  European and 
most other turnouts are designed to be Tangent Point Switches. 

1.3.2 Units 
The California High-Speed Train Project is based on U.S. Customary Units consistent with 
guidelines prepared by the California Department of Transportation and defined by the National 
Institute of Standards and Technology (NIST).  U.S. Customary Units are officially used in the 
United States, and are also known in the US as “English” or “Imperial” units.  In order to avoid any 
confusion, all formal references to units of measure should be made in terms of U.S. Customary 
Units. 

Guidance for units of measure terminology, values, and conversions can be found in the Caltrans 
Metric Program Transitional Plan, Appendice B U.S. Customary General Primer 
(http://www.dot.ca.gov/hq/oppd/metric/TransitionPlan/Appendice-B-US-Customary-General-
Primer.pdf). Caltrans Metric Program Transitional Plan, Appendice B can also be found as an 
attachment to the CHSTP Mapping and Survey Technical Memorandum. 
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3.4.6 Double Spiral Turnout Geometry 
Three designs of double spiral turnouts have been developed either by or for the Austrian Federal 
Railways for high speed crossovers.  The objective is to minimize entry and exit forces for the 
turnouts.  These designs are developed using the following forces: 

• Lateral acceleration in the deviation:  0.654 m/s2 

• Jerk at entry into the Deviation:  1.0 m/s3 

• Continuous change in Lateral Acceleration:  0.25 m/s3 

When these requirements are placed in more familiar terms, they are: 

• Maximum unbalanced superelevation:  100 mm = 3.94 inches 

• Virtual Transition Rate:  153 mm/s = 6.02 inches/second 

• Transition Rate in Spiral:  38 mm/s = 1.50 inches/second 

The three turnouts developed using these force limits are described as follows:   

Table 3.4.8A: VAE Double Spiral Turnouts – Defined Values and Speeds – Metric Units 

Ratio 
Unit 

Length 
(m) 

Radii (meters) 
Allowed 
Speed 
km/h 

Unbalanced 
Superelevation 

(mm) 

Virtual 
Transition 

Rate mm/s) 

1:24 82.500 2,600 / 1,600 / 2,600 116 61.1 / 99.2 / 61.1 104 
1:45 147.300 6,000 / 3,700 / 12,107 / inf. 175 60.2 / 97.7 / 29.8 154 
1:66 197.115 12,080 / 6,580 / 12,080 220 47.3 / 86.8 / 47.3 152 

Table 3.4.8B: VAE Double Spiral Turnouts – Defined Values and Speeds
 – US Customary Units   

Ratio 
Unit 

Length 
(feet) 

Radii (feet) 
Allowed 
Speed 
mph 

Unbalanced 
Superelevation 

(inches) 

Virtual 
Transition 

Rate (in/sec) 

1:24 270.67 8,530.18 / 5,249.34 / 
8,530.18 72.1 2.44 / 3.96 / 2.44 4.13 

1:45 483.27 19,685.04 / 12,139.11 / 
39,721.13 / inf. 108.7 2.40 / 3.90 / 1.19 6.15 

1:66 646.70 39,632.55 / 21,587.93 / 
39,632.55 136.7 1.89 / 3.46 / 1.89 6.07 

All these turnouts have a defined radius with an arc length of zero at the switch point end in a 
similar manner to that used on the DB standard turnouts.  But, unlike the DB turnouts, two of 
these turnouts do not have a full spiral on the frog end.  Only the 1:45 unit has a full spiral to a 
tangent on the frog end of the turnout.  The 1:24 and 1:66 units have two equal length spirals 
such that the frog end has the same radius as the point of switch end, and therefore a Virtual 
Transition Rate out that is the same as the Virtual Transition Rate in.  Note that for the 1:45 and 
1:66 turnouts, the Virtual Transition Rate is higher than the limits allowed in UIC 711. 

Note that the entry/exit radii are at lower multiples of the central radii than those used in the DB 
turnouts.  Thus, the virtual transition rates are higher than those for DB turnouts with the same 
central radius and unbalanced superelevation on that central radius.   

Lower speed limits than the designated speed limits shown in Table 3.4.8 are set by some users 
of these turnouts.  For example: The 1:45 turnout is used by the FS (Italian State Railway).  On 
their system, it is defined as a 160 km/h turnout.  For this speed, the unbalanced superelevations 
are 50.3 / 81.6 / 25.0 / 0.0 mm (2.10 / 3.26 / 1.00 / 0.00 inches). At this speed, the entry Virtual 
Transition Rate is 118 mm/s (4.70 in/sec), which is under the recommended UIC 711 limit. 
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3.4.7 Shinkansen Turnout Geometry 
The normal operating concept on the Shinkansen is to have the station track turnouts located 
very close to the end of the platform and to move past the platform at a relatively slow speed. 
Therefore they do not use high speed turnouts. On the Nogano Shinkansen there is one 160 
km/h (100 mph) No. 38 turnout that was installed in 1998.  Otherwise, the largest turnouts used 
on the Shinkansen are No. 18 turnouts with an internal radius of 1106 m (3628.61 ft) measured 
on the curved closure rail. 

3.4.8 Taiwan High Speed Railway Turnout Geometry 
The primary application of high speed turnouts in the Taiwan High Speed Railway is at eight 
intermediate stations having platforms on bypass tracks connected to the main tracks with high 
speed entry and exit turnouts.  Even though the system has bi-directional signaling, the design of 
the station layouts was based on the normal direction of operation.  These station tracks were set 
6.60 meters (21.65 feet) offset and parallel to the main tracks. 

Initially the turnouts proposed for this application were those illustrated in UIC 711.  For the 
station connection tracks the plan was to combine these turnouts with return curves (reversing 
curves beyond these turnouts bringing the turnout track to an alignment parallel to the main track. 
The return curves were initially designed with spiral lengths developed in accordance with the 
requirements of UIC 703, Layout Characteristics for Lines Used by Fast Passenger Trains. 

In the final study phase pre-construction the alignment and track engineers of the Taiwan system 
decided to follow the DB concepts of spiraled switch points for the station connection tracks 
because use of these spiraled switch point resulted in a considerable reduction in the entrance 
forces (the virtual transition rate). Reduced forces are more than simply a ride quality concern. 
High forces between train and track also mean reduced component life.  As part of this decision, 
it was also decided to shorten the spirals on the return curves so that the transition forces were 
similar to those in the turnouts.  

In all these analyses and calculations, the truck centers used were 17.5 meters (57’-5”) instead of 
the 19 meters used in UIC 711, because 17.5 meters was the truck centers of the passenger 
equipment operated on the system.   

Use of the UIC 711 Figure 2 turnout (1200 meter radius 1:18.5) was retained for one application, 
the turnouts set between main tracks to permit single line operation for two reasons.   

• Anticipated infrequent use 

• Larger turnouts on viaducts would require one or more sets of rail expansion joints 

First a look at these remaining UIC style turnouts in their crossover application: 

Figure 3.4.24:  THSRC Main Track Crossover – 1:18.5 Simple Arc Turnouts 
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Table 3.4.9: THSRC 100 km/h 1:18.5 Crossover, in 4.5 meter Track Centers 

 Metric Units US Customary Units 
Geometric Properties 

Track Centers 4.5 m 14.76 ft 
Central Angle of Turnouts 3d05m38.6s 3d05m38.6s 

Turnout Curve Radius 1,200 3,937.01 
Length on Tangent 148.068 485.79 

Length through Crossover 148.158 486.08 
Length of Curve 64.802 212.60 

Tangent Between Curves 18.554 60.87 
Operating Characteristics 

Design Speed 100 km/h 62.14 mph 60 mph 
Unbalance 98.3 mm 3.92 inches 3.66 inches 

Virtual Transition Distance  (Truck 
centers of Shinkansen) 17.500 m 57.42 ft 57.42 ft 

Virtual Transition Time 0.630 s 0.653 sec 0.676 sec 
Virtual Transition Rate 156 mm/s 6.01 in/sec 5.61 in/sec 

Figure 3.4.25:  THSRC Main Track Crossovers Unbalance and Transition Rate versus Distance 

Unbalance and Virtual Transition Rate, Plotted versus Distance, 
THSRC 1:18.5 Crossover, radius 1200 m (3,937.0'), 60 mph 
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Note:  Virtual transition distance 
is 57.41 feet and locations are 
centered at the beginning and 
end points of turnout curves. 
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Figure 3.4.26:  THSRC Main Track Crossover, Unbalance and Transition Rate versus Time 

Unbalance and Virtual Transition Rate, Plotted versus Time, 
THSRC 1:18.5 Crossover, radius 1200 m (3,937.0'), 60 mph 
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Note: Virtual Transition time is 
0.652 seconds at 60 mph and 
locations are centered at the 
beginning and end points of 

turnout curves. 

Despite this turnout being a typical European “tangent point” design turnout, it has high entry and 
exit forces due to the high speed and high unbalanced superelevation.  These high unbalanced 
superelevation and virtual transition rates clearly illustrate why use of this turnout in regular 
service at its nominal design speed of 100 km/h (62 mph) was determined to be undesirable. 
Therefore all these turnouts are place where they are used only in emergencies or abnormal 
operating conditions. 

Final Selected Geometry of Station Connection Tracks:  Following the determination to use 
spiral point turnouts, the initial geometry of the station connections was set so that the segment 
run times and forces in the turnouts and the return curves were similar, using the DB design 
concepts, but not the exact DB designs.  The DB designs were known to include some 
compromises necessary to fit existing situations in Germany that would not need to be 
considered in a new system.  This initial design combination resulted in a theoretical smooth 
riding connection.  However, based on the thought at the time that these units would be built with 
the UIC 60 rail section, is was decided to follow the DB turnout designs exactly on the switch 
point ends for the sake of procurement of a previously used standard design to reduce or 
eliminate potential problems in fabrication. As the situation developed, the Taiwan system track 
did not use the UIC 60 rail section in which these turnouts were normally fabricated.  Instead, it 
was built in Japanese 60 kg/m rail, a section very close in shape and properties to 119RE.  By 
this time it was too late to modify the turnout internal geometry so as to rationalize the switch 
entry characteristics. 

The selected turnout-curve combinations were applied based on the calculated maximum speed 
of any part of the train over the switch point with the objective being that the train speed would not 
be affected by the speed limit of the turnout.  The speed-distance relationship used to determine 
the needed turnout speed was based on that shown in the following figures. 
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Figure 3.4.27:  Train Braking and Acceleration – Metric Units 

Figure 3.4.28:  Train Braking and Acceleration – US Customary Units 
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The distance between switch point and platform center on the designated arrival end varied from  
550 meters to 1,367 meters (1,804 feet to 4,485 feet), and on the  designated departure end from  
443 meters to 911 meters (1,453 feet to 2,989 feet).  Four standard designs were developed, for 
speeds of 100, 130, 160 and 200 km/h (60, 80, 100, and 125 mph).  The highest speed design 
was not necessary at any location, and therefore was not used.  The predominant exit connection  
design was the 100 km/h arrangement with only three 130 km/h exit tracks. The predominant 
entry design was the 130 km/h arrangement with only four 160 km/h entrance tracks.   

The curve used to bring the alignment off the end of the turnout curve back to parallel was set as  
a true reversing curve, with the spiral off the turnout curve meeting the spiral into the return curve 
at an STS point.  The curve radius  was set slightly smaller than the turnout curve radius, as it was 
set with 30 mm (1.18 inches) of superelevation.  Bringing these spiral ends together provided one  
single smooth transition in direction rather than two with a short break in between.  Since both 
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these curves had spirals of sufficient length to prevent any adverse effects, there was no need,  
either for ride quality or track issues, to provide any tangent between them.  

Figure 3.4.29:  Taiwan High Speed Railway Typical Station Connection Turnout and Curve 

The distance between turnout and station was determined by a practical compromise between: 
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• The distance required in the operation plan 

• the structural layout and 

• the alignment geometry. 

Generally, the distance required in the operation plan was increased rather than decreased 
where structural and alignment considerations required a different turnout placement. The 
arrangement shown in Figure 3.4.29 is used for all mainline connections shown in Figure 3.4.30. 

Figure 3.4.30:  Taiwan High Speed Railway Track Layout for Typical Intermediate Stations 
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Note that the operation of trains in Taiwan is normally left handed.  This standard is normal 
practice on the previously existing Taiwan Railroad network and the Shinkansen System. 

The design speed of the entry and exit connections to station tracks depended upon their distance 
from the station platform.  Since the operating plan permitted the exit turnouts to be as close as 
practical to the end of the platform, most exit connections used the 100 km/h arrangement, which 
required 238 meters (781 ft) beyond platform end without a refuge track.  With allowance for the 
refuge track turnout, the normal distance from center of platform to switch point of exit end turnout 
was set at 480 meters (1575 feet) beyond platform center.  Since the back end of the train could 
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not achieve 100 km/h (62 mph) in less than 506 meters (1660 feet) beyond platform center, a 100 
km/h arrangement had no affect on train speed.  Due to the faster braking rate, the front end of 
the stopping train could still be moving faster than 100 km/h when it passed the point 438 meters 
from platform end.  Therefore, the minimum design speed of the approach connection was that 
for 130 km/h (81 mph).If the operating plan needed an approach track that extended over 720 
meters (2362 feet) from the platform center, a 160 km/h (99 mph) connection layout was used.   

Table 3.4.10A:  Taiwan High Speed Rail Standard Station Connection Turnouts and Curves 
Metric Units 

Station Connection Tracks with Spiral Point Turnouts 
Part 1: Geometry of Connection and its Segments, in meters unless stated otherwise 

Design Speed 100 km/h 130 km/h 160 km/h 200 km/h 
Platform Track Offset 6.600 m 6.600 m 6.600 m 6.600 m 
Turnout Entry Radius 3,000.000 4,800.000 10,000.000 16,000.000 
Turnout Body Radius 1,500.000 2,450.000 4,000.000 6,100.000 
Switch Spiral Length 27.000 41.075 37.500 56.000 
Frog Spiral Length 28.000 36.000 42.000 55.000 

Return Curve Radius 1,300.000 2,300.000 3,600.000 5,400.000 
Curve Spiral Length 25.000 33.000 40.000 52.000 

Total Length along main track 213.156 278.981 350.536 436.315 
Total Length along Platform Track 213.301 279.092 350.624 436.386 
Minimum straight distance beyond 

platform end 25.000 25.000 25.000 25.000 

Angle at STS 3d25m43s 2d 37m48s 2d05m55s 1d41m30s 
Length of Entry Curve 0.000 0.000 0.000 0.000 

Length of Turnout Body Curve 55.509 63.441 99.263 113.940 
Length of Return Curve 52.791 72.576 91.861 107.446 

Part 2: Unbalanced Superelevation and Transition Rates in mm or mm/s as applicable 
Unbalance at Turnout Entry 39.3 41.5 30.2 29.5 
Unbalance in Turnout Body 78.7 81.4 75.5 77.4 

Superelevation in Return Curve 30.0 30.0 30.0 30.0 
Unbalance in Return Curve 60.8 56.7 53.9 57.4 

Virtual Transition Time 0.630 0.485 0.394 0.315 
Virtual Transition Rate at Entry 62.4 85.7 76.7 93.7 

Virtual Transition Rate 17.5 m in 102.9 120.8 130.4 141.1 
Actual Transition Rate in Switch 40.5 35.0 53.7 47.5 

Transition Rate at Frog End 78.0 81.6 79.9 78.2 
Transition Rate in Curve Spirals 67.5 62.1 59.9 61.3 

Part 3: Run Time of Segments and Connection in Total, in seconds 
Switch Spiral 0.97 1.14 0.84 1.01 
Turnout arc 2.00 1.76 2.23 2.05 
Frog spiral 1.01 1.00 0.95 0.99 

Curve Spiral 0.90 0.91 0.90 0.94 
Curve Arc 1.90 2.01 2.07 1.93 

Curve Spiral 0.90 0.91 0.90 0.94 
Sum through Divergence 7.68 7.73 7.89 7.85 
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Table 3.4.10B:  Taiwan High Speed Rail Standard Station Connection Turnouts and Curves 
US Customary Units and Speeds    

Station Connection Tracks with Spiral Point Turnouts 
Part 1: Geometry of Connection and its Segments, in feet unless stated otherwise 

Design Speed 60 mph 80 mph 100 mph 125 mph 
Platform Track Offset 21.65 21.65 21.65 21.65 
Turnout Entry Radius 9,842.52 15,748.03 32,808.40 52,493.44 
Turnout Body Radius 4,921.26 8,038.06 13,123.36 20,013.12 
Switch Spiral Length 88.58 134.76 123.03 183.73 
Frog Spiral Length 91.86 118.11 137.80 180.45 

Return Curve Radius 4,265.09 7,545.93 11,811.02 17,716.54 
Curve Spiral Length 82.02 108.27 131.23 170.60 

Total Length along main track 699.33 915.29 1,150.05 1,431.48 
Total Length along Platform Track 699.81 915.66 1,150.34 1,431.71 
Minimum straight distance beyond 

platform end 82.02 82.02 82.02 82.02 

Angle at STS 3d25m43s 2d 37m48s 2d05m55s 1d41m30s 
Length of Entry Curve 0.000 0.000 0.000 0.000 

Length of Turnout Body Curve 182.12 208.14 325.66 373.82 
Length of Return Curve 173.20 238.11 301.38 352.51 

Part 2: Unbalanced Superelevation and Transition Rates, inches or inches/sec as applicable 
Unbalance at Turnout Entry 1.46 1.63 1.22 1.19 
Unbalance in Turnout Body 2.93 3.18 3.05 3.12 

Superelevation in Return Curve 1.18 1.18 1.18 1.18 
Unbalance in Return Curve 2.20 2.21 2.21 2.35 

Virtual Transition Time 0.652 0.489 0.391 0.313 
Virtual Transition Rate at Entry 2.24 3.32 3.11 3.80 

Virtual Transition Rate 57.42 ft in 3.70 4.68 5.29 5.73 
Actual Transition Rate in Switch 1.45 1.36 2.18 1.93 

Transition Rate at Frog End 2.80 3.16 3.24 3.17 
Transition Rate in Curve Spirals 2.36 2.40 2.46 2.52 

Part 3: Run Time of Segments and Connection in Total, in seconds 
Switch Spiral 1.01 1.15 0.84 1.00 
Turnout arc 2.07 1.77 2.22 2.04 
Frog spiral 1.04 1.01 0.94 0.98 

Curve Spiral 0.93 0.92 0.89 0.93 
Curve Arc 1.97 2.03 2.05 1.92 

Curve Spiral 0.93 0.92 0.89 0.93 
Sum through Divergence 7.95 7.80 7.84 7.81 

The following figures illustrate the values and forces for the conditions as given in Table 3.4.10B. 
Note that there is very little difference in the time over these segments, despite the large increase 
in distance required as speed increases. 
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Figure 3.4.31:  Taiwan High Speed Railway: Forces Relative to Distance in  
60 mph Station Connection Turnout and Curve 

Forces related to distance in THSRC 100 km/h Station Connection 
(shown with 60 mph forces) 
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Figure 3.4.32:  Taiwan High Speed Railway: Forces Relative to Time in 
60 mph Station Connection Turnout and Curve 

Forces related to time in THSRC 100 km/h Station Connection 
(shown with 60 mph forces) 
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Figure 3.4.33: Taiwan High Speed Railway: Forces Relative to Distance in  
80 mph Station Connection Turnout and Curve 

Forces related to distance in THSRC 130 km/h Station Connection 
(shown with 80 mph forces) 
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Figure 3.4.34:  Taiwan High Speed Railway: Forces Relative to Time in 
80 mph Station Connection Turnout and Curve 

Forces related to distance in THSRC 130 km/h Station Connection 
(shown with 80 mph forces) 
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Figure 3.4.35:  Taiwan High Speed Railway: Forces Relative to Distance in  
100 mph Station Connection Turnout and Curve 

Forces related to distance in THSRC 160 km/h Station Connection 
(shown with 100 mph forces) 
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Figure 3.4.36:  Taiwan High Speed Railway: Forces Relative to Time in 
100 mph Station Connection Turnout and Curve 

Forces related to time in THSRC 160 km/h Station Connection 
(shown with 100 mph forces) 
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Note:  Virtual transition time is 0.391 
seconds, location centered at beginning 
of turnout curve.  Rate shown based on 

radii at entry and at 57.41 feet into turnout. 

R = 4000 m 
= 13,123.36 ft. 
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Figure 3.4.37:  Taiwan High Speed Railway: Forces Relative to Distance in  
125 mph Station Connection Turnout and Curve 

Forces related to distance in THSRC 200 km/h Station Connection 
(shown with 125 mph forces) 
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(None of these were built in Taiwan) 

Figure 3.4.38:  Taiwan High Speed Railway: Forces Relative to Time in 
125 mph Station Connection Turnout and Curve 

Forces related to distance in THSRC 200 km/h Station Connection 
(shown with 125 mph forces) 
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Note: Virtual transition time is 0.313 
seconds, location centered at beginning 
of turnout curve.  Rate shown based on 

radii at entry and at 57.41 feet into turnout. 
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= 17,716.54 ft 

SE=30mm=13/16 " 

Turnout Curve 

Return Curve 

(None of these were built in Taiwan) 

These concepts derived from these turnouts and return curves are one of the primary sources 
used in development of the high-speed turnouts and high-speed station track connections for the 
California High Speed Train project.  These arrangements are known to provide a very good ride 
quality through the connection, and are relatively consistent throughout the connection. 

The following major parameters may be gleaned from these arrangements: 

• Actual transition lengths should be set with a length equivalent to about 1.0 to 1.1 
seconds of run time at the design speed. 

• The radius at the beginning of the switch end transition curve should be roughly twice the 
radius of the turnout body curve, unless the virtual transition rate exceeds the limits given 
in UIC 711. 

• Connection to the return curve should be with reversing spirals so that the transition 
forces are relatively constant through the reversal. 
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Table 3.5.1: AREMA Standards and Other Commonly Used North American Turnouts 

Frog 
No. 

Frog 
Angle 

Straight Point Curved Point 

Length Angle Closure 
Radius Length Entry 

Angle 
Point 

Radius 
Closure 
Radius 

5 11o 25’ 16” 11’-0” 2o 39’ 34” 177.80 13’-0” 1o 41’ 31” 616.55 188.10 
6 9o 35’ 38” 11’-0” 2o 39’ 34” 258.57 13’-0” 1o 41’ 31” 616.55 283.88 
7 8o 10’ 16” 16’-6” 1o 46’ 22” 365.59 13’-0” 1o 41’ 31” 616.55 409.77 
8 7o 09’ 10” 16’-6” 1o 46’ 22” 487.28 13’-0” 1o 41’ 31” 616.55 550.75 

8½ 6o 43’ 59” 16’-6” 1o 46’ 22” 603.28 unk. unknown unk. unknown 
9 6o 21’ 35” 16’-6” 1o 46’ 22” 615.12 19’-6” 1o 04’ 24” 1,222.17 632.15 
10 5o 43’ 29” 16’-6” 1o 46’ 22” 779.39 19’-6” 1o 04’ 24” 1,222.17 806.09 
11 5o 12’ 18” 22’-0” 1o 19’ 46” 927.27 19’-6” 1o 04’ 24” 1,222.17 1,009.34 
12 4o 46’ 19” 22’-0” 1o 19’ 46” 1,104.63 19’-6” 1o 04’ 24” 1,222.17 1,205.02 
13 4o 24’ 19” 22’-0” 1o 19’ 46” unknown unk. unknown unk unknown 
14 4o 05’ 29” 22’-0” 1o 19’ 13” 1,581.20 26’-0” 0o 50’ 44” 2,464.55 1,576.40 
15 3o 49’ 06” 30’-0” 0o 58’ 30” 1,720.77 26’-0” 0o 50’ 44” 2,464.55 1,8872.90 
16 3o 34’ 47” 30’-0” 0o 58’ 30” 2,007.12 26’-0” 0o 50’ 44” 2,464.55 2,240.84 
18 3o 10’ 56” 30’-0” 0o 58’ 30” 2,578.83 39’-0” 0o 27’ 19” 3,605.70 2,622.45 
20 2o 51’ 51” 30’-0” 0o 58’ 30” 3,289.29 39’-0” 0o 27’ 19” 3,605.70 3,329.91 
24 2o 23’ 13” unk. unknown unknown 39’-0” 0o 32’ 45” 5,105.62 5103.26 

Union Pacific and BNSF have developed a set of Common Standards for turnouts.  The following 
table provides the basic characteristics of these turnouts along with a comparison to the closest 
equivalent standard design in AREMA Plan 910 or 920. 
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Table 3.5.2: BNSF / UPRR Common Standard Turnouts compared to AREMA 

Frog 
No 

Frog Angle  
deg, min, sec Type 

Lead (PS 
to ½” PF), 

feet4 

Closure 
Radius, 

feet 

Switch 
Length, 

feet 

Switch 
Type 

point angle 
deg, min, sec 

Extended 
Curve Offset, 

inches5 

24 2o 23’ 13” CS1 177.25 5,103.26 39.00 curved 0o 32’ 45” -0.233 

20 2o 51’ 51” 
CS1 156.057 3,329.66 39.00 curved 0o 32’ 45” -0.030 

RE-cv2 156.042 3,329.91 39.00 curved 0o 27’ 19” -0.791 

15 3o 49’ 06” 
CS 111.229 1,853.42 26.00 curved 0o 44’ 47” -0.159 

RE-cv 113.417 1,872.90 26.00 curved 0o 50’ 44” -0.941 

11 5o 12’ 18” 
CS 83.500 1,011.69 19.50 curved 1o 00’ 40” -1.200 

RE-cv 83.500 1,009.34 19.50 curved 1o 04’ 25” -1.033 

9 6o 21’ 35” 
CS 72.917 614.00 16.50 straight 1o 46’ 22” 3.010 

RE-st3 72.297 615.12 16.50 straight 1o 46’ 22” 2.702 
RE-cv 74.104 632.15 19.50 curved 1o 04’ 25” 1.669 

1. Type CS is the BNSF-UP Common Standard as shown on their drawings:  
341000: No. 9 Turnout 16’-6” Straight Switch Turnout Geometry;  
343000: No. 11 Turnout 19’-6” Curved Switch Turnout Geometry;  
345000: No. 15 Turnout 26’-0” Curved Switch Turnout Geometry;  
346000: No. 20 Turnout 39’-0” Curved Switch Turnout Geometry.  
347000: No. 24 Turnout 39’-0” Curved Switch Turnout Geometry.  

2. Type RE-cv from AREMA Plan No. 920, Turnout and Crossover Data for Curved Split 
Switches.  

3. Type RE-st from AREMA Plan No. 910, Turnout and Crossover Data for Straight Split 
Switches.  

4. Lead distances are normally nominated in feet and inches.  
5. Extended Curve Offset shows whether the extended arc of the curved closure rail crosses 

the straight rail, and by how far.  A negative value indicates that the arc crosses the rail.  

For many years, the largest AREMA standard design has been the No. 20 turnout with a 39’-0” 
curved switch which is usually limited to 40 or 45 mph over the curved side, although the AREMA 
Manual states that 50 mph is permissible.  Caltrain allows 50 mph for passenger trains and 40 
mph for freight trains over their No. 20 turnouts, but their turnouts have a longer switch point with 
a smaller entry angle than the AREMA standard.  Even with that, there is a significant jerk in the 
ride over these points. 

Turnouts having the frog numbers currently used in the Union Pacific BNSF Common Standards 
will be used for the yard turnouts and low and medium speed turnouts on the CHSTP.  The 
internal geometry will be the “tangent point” design so as to provide a small switch point entry 
angle and smooth curve. 

3.5.2 Shinkansen Turnout Geometry 
The normal operating concept on the Shinkansen is to have the station track turnouts located 
very close to the end of the platform and to move past the platform at a relatively slow speed.  For 
this situation, the turnouts used are No. 18 turnouts with an internal radius of 1106 m (3628.61 ft) 
measured on the curved closure rail. Other than the No. 9, which is their standard turnout for 
yards on the Shinkansen system, all Japanese standard turnouts are curved frog turnouts, with 
the defined angle being at the end of the unit. Turnout numbers are defined the same as US 
standard, but the angle is then rounded to the nearest minute or half minute. 

The No. 9 radius, 202.109 m (663.09 ft) at the closure rail, which gives 201.392 m (660.73 ft) at 
track centerline is regarded as the smallest practical radius through which Shinkansen equipment 
should be operated.  However, the Shinkansen equipment had no apparent difficulty traveling 
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• Keep Spirals out of frogs 

 Minimum/Exceptional: In order to avoid a special design swing nose frog, the 
frog end spiral shall begin at or beyond the point where track centerline spacing 
exceeds 5.85 feet, even if this means that the transition length in a crossover will 
have a run time of less than 1.0 seconds. 

 Desirable:  Start frog end spiral beyond the point where the track centerline 
spacing exceeds 7.00 feet, if spiral is to a tangent or followed by a reversing 
curve. If the spiral is to a compound curve, it shall start beyond the point where 
the track centerline spacing exceeds 8.00 feet. 

It is assumed that these high speed turnouts will normally be build on some form of concrete 
based track, not on ties and ballast. 

3.6.1 High-Speed Turnouts 
Using the criteria stated above, turnout geometries are developed for the following speeds:  60 
mph, 80, mph, 110 mph, and 150 mph.  If it is determined that a design speed of 145 mph will be 
used in some locations, the 150 mph design shall be used for that application.  Should higher 
speed turnouts be required, the same design principles may be used to develop those designs.  

This Technical Memorandum is limited to geometric considerations only.  These designs are 
within the range of turnout designs built and in use in other parts of the world, and therefore are 
practical to build, operate, and maintain.  It is assumed that all these turnouts will have movable 
point frogs and will required a combination of multiple switch machines and rod and crank 
additional drives on the switch points.  The determination of the nature and location of these 
drives will be the subject of another Technical Memorandum.  The type of switch rail, point shape, 
and other mechanical components will also be covered in another Technical Memorandum.   

Figure 3.6.1: High-Speed Turnouts  
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Force diagrams for these turnouts will be shown with the application of these turnouts to 
crossovers and station entry tracks. 
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Table 3.6.1: High Speed Turnouts 

Part 1: Geometry of Turnout and its Segments, in feet unless stated otherwise 
Design Speed 60 mph 80 mph 110 mph 150 mph 

Turnout Entry Radius 10,000.00 18,000.00 34,000.00 80,000.00 
Turnout Body Radius 5,000.00 9,000.00 17,000.00 32,000.00 

Switch Spiral Length and 
Desirable Frog End Spiral Length 90.00 120.00 160.00 220.00 

A.  Distance to Theoretical Point of Frog 237.53 318.53 436.76 610.07 
Angle at Theoretical Point of Frog 2d27m49s 1d 50m12s 1d20m14s 0d58m27s 

Derived Frog Number (AREMA method) 23.25 31.2 42.8 58.8 
Turnout Body Curve Arc Length, SC to PF 147.50 198.51 276.74 375.18 
B.  Distance to point of 5.85 ft. separation 262.62 352.18 482.98 673.52 
C.  Distance to point of 7.00 ft. separation 285.48 382.85 525.11 731.34 
D.  Distance to point of 8.00 ft. separation 303.85 407.49 558.97 777.81 
Part 2: Unbalanced Superelevation and Transition Rates, inches or in./sec as applicable 

Unbalance at Turnout Entry 1.44 1.42 1.42 1.13 
Unbalance in Turnout Body 2.88 2.84 2.85 2.81 

Virtual Transition Time 0.676 0.507 0.369 0.270 
Virtual Transition Rate at Entry 2.13 2.80 3.86 4.16 

Virtual Transition Rate 59.50 feet in 3.54 4.20 5.30 5.85 
Actual Transition Rate in Switch 1.41 1.39 1.44 1.69 

Part 3: Run Time of Segments, in seconds 
Switch Spiral 1.02 1.02 0.99 1.00 

Turnout arc to point of frog 1.67 1.69 1.72 1.71 

3.6.2 Crossovers Between Main Tracks 
Where these high speed turnouts are put together to form crossovers between the main tracks, a 
transition between them is necessary to reduce the transition forces in the reversal of the  
direction of curvature.  Where  the track centers are 21.50 feet or greater, a full length spiral as  
shown in the tabulation for Station Connection tracks may be used.  Where the track centers are 
less, the spirals must be shorter, or the spiral will be, at least partially, in the frog unit.  A spiral  
frog introduces complexity that should be avoided.  Figure 3.6.2 shows the normal relationship 
between crossover components in a crossover between 16.50 feet track centers.  Use of high  
speed crossovers in tracks with centers of under 16.50 feet shall be an Exceptional condition.    

Figure 3.6.2: High Speed Crossovers  

Typical High Speed Crossover, 16.50 feet  track centers 
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If these crossovers are applied to tracks at track centers of under 16.50 feet, the transition forces  
in the reversal shall be  calculated to determine  the amount of required reduction in speed through 
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the crossover necessary to keep the transition force in the reversal to an acceptable level.  Track 
centers for track with high speed crossovers shall not be less than 15.00 feet. 

Table 3.6.2: High Speed Crossovers  

Main Track Crossovers – 16’50 feet track centers 
Part 1: Geometry of Turnout and its Segments, in feet unless stated otherwise 

Design Speed 60 mph 80 mph 110 mph 150 mph 
Track Centers 16.50 16.50 16.50 16.50 

Turnout Entry Radius 10,000.00 18,000.00 34,000.00 80,000.00 
Turnout Body Radius 5,000.00 9,000.00 17,000.00 32,000.00 
Switch Spiral Length 90.00 120.00 160.00 220.00 
Frog Spiral Length 45.00 62.00 85.00 115.00 

Total Length along main track 618.74 829.97 1,138.63 1,583.92 
Total Length along Crossover Track 619.05 830.20 1,138.80 1,584.04 

Angle at STS 3d01m31s 2d 15m15s 1d38m28s 1d11m49s 
Length of Entry Curve 0.00 0.00 0.00 0.00 

Length of Turnout Body Curve 173.52 233.10 324.40 457.02 
Part 2: Unbalanced Superelevation and Transition Rates, inches or inches/sec as applicable 

Unbalance at Turnout Entry 1.44 1.42 1.42 1.13 
Unbalance in Turnout Body 2.88 2.84 2.85 2.81 

Virtual Transition Time 0.676 0.507 0.369 0.270 
Virtual Transition Rate at Entry 2.13 2.80 3.86 4.16 

Virtual Transition Rate 59.50 feet in 3.54 4.20 5.30 5.85 
Transition Rate in Switch 1.41 1.39 1.44 1.69 

Transition Rate at Frog End  5.51 5.38 5.40 5.38 
Part 3: Run Time of Segments, in seconds 

Switch Spiral 1.02 1.02 0.99 1.00 
Turnout arc to reversing spiral 1.98 1.99 2.01 2.08 

Reversing Spirals between turnouts 1.02 1.06 1.06 1.04 
Turnout arc to switch spiral 1.98 1.99 2.01 2.08 

Switch Spiral 1.02 1.02 0.99 1.00 
Total time through crossover 7.03 7.08 7.06 7.20 

The use of high speed crossovers between tracks set at 15.00 feet track centers should be 
avoided, as the spirals will be very short.  If these crossovers are applied to tracks at track 
centers of under 16.50 feet, the transition forces in the reversal shall be calculated to determine 
the amount of required reduction in speed through the crossover necessary to keep the transition 
force in the reversal to an acceptable level.  Track centers for track with high speed crossovers 
shall be not less than 15.00 feet. 

Figures 3.6.3 and 3.6.4 illustrate the unbalanced superelevation and transition forces in these 
crossovers.  Only the 110 mph case is shown.  Other cases are similar.  Note that the transition 
rate in the reversal is somewhat high when compared to the transition rates at the switch end and 
the reversals in station connection tracks.  This rate can be lowered only by increasing track 
centers. 

 
 

   
 Page 47 

CALIFORNIA HIGH-SPEED RAIL AUTHORITY 



 California High-Speed Train Project Turnouts and Station Tracks, R0 
 

 

 

 

  

 

 

   

  
  

 

 

 

 

I I 
/1 -- " 

/ I'---I I I I 

I 
--

I ~i..---- \, I I 

I 
,_ 

\ 
I 

I -- _I_ - _L 
I 

I .... - L - - - - - - - - - - - - - .... - - - - I_ - -
I\ ~~ 

'\ !..,..,,-""'" 

I 

--
/1 

I 

-- I' 

/ I ~ 

I I -- I I 

I I ~ I\ I I 
~ 

\ 
I I 

___ J I 1 ___ t. I -·-- - - - - - - - - - - - - - - - - - - _, - - -
,/ 

' 

I 

Figure 3.6.3: Forces in 110 mph High Speed Crossovers, versus Distance 

Forces in crossovers - 16.5' track centers, 110 mph 

1.
42

 2.
85

2.
85

2.
85

2.
85

 

0.
00

 

3.
86

 

-1
.4

2 

-2
.8

5
-2

.8
5 

-2
.8

5 

R = 17,000' 

R = 17,000'
1.

44

1.
44

 

-5
.4

0

-5
.4

0 

1.
44

1.
44

 

5.
30

5.
30

3.
86

 

-6 

-4 

-2 

0 

2 

4 

6 

-100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 
distance along crossover track, feet 

in
ch

es
 o

r i
nc

he
s/

se
co

nd
 

Unbalance (inches) 
Transition Rate (inch/second) 
Virtual Transition Rate (inch/sec.) 

Note: Virtual transition distance is 
59.5 feet, based on standard 
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59.5. into the turnout. 

Figure 3.6.4: Forces in 110 mph High Speed Crossovers, versus Time 

Forces in crossovers - 16.5' track centers, 110 mph 
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turnout. 

3.6.3 Station Connection Tracks 
Station connection tracks will use the turnouts above in combination with a return curve that gives 
similar forces in the train. For the normal 25.00 feet track spacing, the connecting curve radius, 
spirals, and overall length of connection are as follows. 
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Figure 3.6.5: Typical Track Layout, Intermediate Station with High Speed Turnouts  

TypicalStation Track Layout 

Platform 

crossover crossover 

Platform 
Optional Refuge or Storage Tracks, 

1,500' or 1,650' clear length 
Location based on local conditions 

Figure 3.6.6: Detail of Intermediate Station Track Layout  
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Explanation of undimensioned data in Figure 3.6.6:  

• A: Distance from center of platform to approach turnout, normal arrival direction.  Set 
by operational requirement, but with a minimum distance of C plus half platform 
length plus 85 feet without refuge/storage track, or C plus half platform plus 
length of refuge turnout plus 75 feet with refuge/storage track. 

• B: Distance from center of platform to approach turnout, normal departure direction. 
Set by operational requirement, but with a minimum distance of C plus half 
platform length plus 85 feet without refuge/storage track, or C plus half platform 
plus length of refuge turnout plus 75 feet with refuge/storage track. 

• C: Distance required by geometry of the connection.  See distance labeled “Total 
length along main tracks” in Table 3.6.3. 

• S: Minimum distance between end of station turnout and crossover turnout where 
they are in the same track. 1.5 seconds run time Desirable, 1.0 seconds 
minimum. 

• XO: Length of crossover.  See “Total Length along main track” in Table 3.6.2. 

• RC:  Length required to achieve offset for Storage/Refuge Track.  Determined by 
medium/low speed turnout selected from Table 3.6.5. 
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Table 3.6.3: Standard Station Connection Turnouts and Curves, 25 feet Track Centers  

Station Connection Tracks with Spiral Point Turnouts 
Part 1: Geometry of Connection and its Segments, in feet unless stated otherwise 

Design Speed 60 mph 80 mph 110 mph 150 mph 
Platform Track Offset 25.00 25.00 25.00 25.00 
Turnout Entry Radius 10,000.00 18,000.00 34,000.00 80,000.00 
Turnout Body Radius 5,000.00 9,000.00 17,000.00 32,000.00 
Switch Spiral Length 90.00 120.00 160.00 220.00 
Frog Spiral Length 90.00 120.00 160.00 220.00 

Return Curve Radius 4,000.00 7,000.00 13,500.00 24,000.00 
Curve Spiral Length 90.00 120.00 160.00 220.00 

C.  Total Length along main track 743.65 991.80 1,364.60 1,862.87 
Total Length along Platform Track 744.25 992.25 1,364.92 1,863.11 

Angle at STS 3d44m07s 2d 48m04s 2d02m17s 1d30m04s 
Length of Entry Curve 0.000 0.000 0.000 0.000 

Length of Turnout Body Curve 213.47 290.02 404.71 574.35 
Length of Return Curve 170.78 222.24 320.21 408.76 

Part 2: Unbalanced Superelevation and Transition Rates, inches or inches/sec as applicable 
Unbalance at Turnout Entry 1.44 1.42 1.42 1.13 
Unbalance in Turnout Body 2.88 2.84 2.85 2.81 

Superelevation in Return Curve 1.25 1.25 1.25 1.25 
Unbalance in Return Curve 2.35 2.41 2.34 2.50 

Virtual Transition Time 0.676 0.507 0.369 0.270 
Virtual Transition Rate at Entry 2.13 2.80 3.86 4.16 

Virtual Transition Rate 59.50 feet in 3.54 4.20 5.30 5.85 
Actual Transition Rate in Switch 1.41 1.39 1.44 1.69 

Transition Rate at Frog End 2.82 2.78 2.87 2.81 
Transition Rate in Curve Spirals 2.30 2.35 2.35 2.50 

Part 3: Run Time of Segments and Connection in Total, in seconds 
Switch Spiral 1.02 1.02 0.99 1.00 
Turnout arc 2.43 2.47 2.51 2.61 
Frog spiral 1.02 1.02 0.99 1.00 

Curve Spiral 1.02 1.02 0.99 1.00 
Curve Arc 1.94 1.89 1.98 1.86 

Curve Spiral 1.02 1.02 0.99 1.00 
Sum through Divergence 8.46 8.46 8.46 8.47 

The speed of turnout and connection to be selected will depend upon the train speed at the point 
of the turnout.  The intent is that the limitation of speed inherent in the turnout and its associated 
curve shall not cause the train to have to be running slower than it otherwise would need to in a 
normal acceleration from full speed to stop at the platform.   
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Figure 3.6.7: Detail of Station Entry/Exit High Speed Turnout and Return Curve 
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Figure 3.6.8: Forces in 110 mph Station Connection, versus Distance 

Forces in station connection tracks - 25.0' track centers, 110 mph 
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59.5. into the turnout. 
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Figure 3.6.9: Forces in 110 mph Station Connection, versus Time 

Forces in station connection tracks - 25.0' track centers, 110 mph 
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Note: Virtual transition time is 0.369 
seconds, based on standard 

passenger car truck centers.  Rate is 
based on radius at entry and at 59.5. 

into the turnout. 

3.6.4 Low and Medium Speed Turnouts 
The low and medium speed turnouts will have the same standard frog numbers as the current 
BNSF/UPRR standards. The internal curve will be of a “tangent point” design so as to give a 
small switch point entry angle. 

The radii of all these turnouts are small enough that there is no need to consider the Virtual 
Transition Rate or to provide a switch point or frog end transition. All these are straight frog 
turnouts so that there is no need to consider the “hand” of the frog unless a spring frog is to be 
installed. 

Figure 3.6.10: Low and Medium Speed Turnouts 
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4.0 Summary and Recommendations 
The recommended Turnout and Crossover Geometries are included in this document and 
summarized in Section 6.0 
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5.0 SOURCE INFORMATION AND REFERENCES 
1. Manual for Railway Engineering of the American Railway Engineering and Maintenance of 

Way Association (AREMA Manual) and the AREMA Portfolio of Trackwork Plans  

2. Certain publication of the UIC:  (International Union of Railways)  (Acronym is from the 
French original, Union Internationale des Chemins de Fer) 

 Leaflet 703, Layout Characteristics for Lines Used by Fast Passenger Trains 

 Leaflet 711, Geometry of Points and Crossings with UIC Rails Permitting Speeds of 
100 km/h or more on the Diverging Track 

3. Deutsche Bahn’s publication 800.0120, Netzinfrastruktur Technik Entwerfen; Weichen und 
Kreuzungen.  (Translated:  Infrastructure Technical Information, Switches and Crossings). 

4. Voest-Alpine Eisenbahnsysteme Ges.m.b.H, Turnouts Geometry and Max. Allowable 
Speed into the Deviation 

5. Japanese Industrial Standards 

 JIS E 1303, Railway Turnouts and Crossings 

 JIS E 1304, Dimensions of Turnouts and Crossings 

6. The European Union’s Directive, Interoperability of the Trans-European High Speed Rail 
System, Technical Specification for Interoperability (TSI), Infrastructure Sub-System 

7. Taiwan High Speed Rail Corporation (THSRC), Volume 9, Design Specifications, Section 2, 
Alignment Design Specification 
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Figure 6.1.1: High-Speed Turnouts 
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Force diagrams for these turnouts will be shown with the application of these turnouts to 
crossovers and station entry tracks. 

Table 6.1.1:  High-Speed Turnouts  

Part 1: Geometry of Turnout and its Segments, in feet unless stated otherwise 
Design Speed 60 mph 80 mph 110 mph 150 mph 

Turnout Entry Radius 10,000.00 18,000.00 34,000.00 80,000.00 
Turnout Body Radius 5,000.00 9,000.00 17,000.00 32,000.00 

Switch Spiral Length and 
Desirable Frog End Spiral Length 90.00 120.00 160.00 220.00 

A.  Distance to Theoretical Point of Frog 237.53 318.53 436.76 610.07 
Angle at Theoretical Point of Frog 2d27m49s 1d 50m12s 1d20m14s 0d58m27s 

Derived Frog Number (AREMA method) 23.25 31.2 42.8 58.8 
Turnout Body Curve Arc Length, SC to PF 147.50 198.51 276.74 375.18 
B.  Distance to point of 5.85 ft. separation 262.62 352.18 482.98 673.52 
C.  Distance to point of 7.00 ft. separation 285.48 382.85 525.11 731.34 
D.  Distance to point of 8.00 ft. separation 303.85 407.49 558.97 777.81 
Part 2: Unbalanced Superelevation and Transition Rates, inches or in./sec as applicable 

Unbalance at Turnout Entry 1.44 1.42 1.42 1.13 
Unbalance in Turnout Body 2.88 2.84 2.85 2.81 

Virtual Transition Time 0.676 0.507 0.369 0.270 
Virtual Transition Rate at Entry 2.13 2.80 3.86 4.16 

Virtual Transition Rate 59.50 feet in 3.54 4.20 5.30 5.85 
Actual Transition Rate in Switch 1.41 1.39 1.44 1.69 

Part 3: Run Time of Segments, in seconds 
Switch Spiral 1.02 1.02 0.99 1.00 

Turnout arc to point of frog 1.67 1.69 1.72 1.71 
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6.1.2 Crossovers Between Main Tracks 
Where these high-speed turnouts are put together to form crossovers between the main tracks, a  
transition between them is necessary to reduce the transition forces in the reversal of the  
direction of curvature.  Where  the track centers are 21.50 feet or greater, a full length spiral as  
shown in the tabulation for Station Connection tracks may be used.  Where the track centers are 
less, the spirals must be shorter, or the spiral will be, at least partially, in the frog unit.  A spiral  
frog introduces complexity that shall  be avoided.  Figure 6.1.2 shows the  normal relationship 
between crossover components in a crossover between 16.50 feet track centers.  Use of high-
speed crossovers in tracks with centers of under 16.50 feet shall be an Exceptional condition.    

If these crossovers are applied to tracks at track centers of under 16.50 feet, the transition forces  
in the reversal shall be  calculated to determine  the amount of required reduction in speed through 
the crossover necessary to keep the transition force in the reversal to an acceptable level.  Track 
centers for track with high-speed crossovers shall not be less than 15.00 feet. 

Figure 6.1.2: High-Speed Crossovers  

Typical High Speed Crossover, 16.50 feet  track centers 
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Table 6.1.2: High-Speed Crossovers  

Main Track Crossovers – 16’50 feet Track Centers 
Part 1: Geometry of Turnout and its Segments, in feet unless stated otherwise 

Design Speed 60 mph 80 mph 110 mph 150 mph 
Track Centers 16.50 16.50 16.50 16.50 

Turnout Entry Radius 10,000.00 18,000.00 34,000.00 80,000.00 
Turnout Body Radius 5,000.00 9,000.00 17,000.00 32,000.00 
Switch Spiral Length 90.00 120.00 160.00 220.00 
Frog Spiral Length 45.00 62.00 85.00 115.00 

Total Length along main track 618.74 829.97 1,138.63 1,583.92 
Total Length along Crossover Track 619.05 830.20 1,138.80 1,584.04 

Angle at STS 3d01m31s 2d 15m15s 1d38m28s 1d11m49s 
Length of Entry Curve 0.00 0.00 0.00 0.00 

Length of Turnout Body Curve 173.52 233.10 324.40 457.02 
Part 2: Unbalanced Superelevation and Transition Rates, inches or inches/sec as applicable 

Unbalance at Turnout Entry 1.44 1.42 1.42 1.13 
Unbalance in Turnout Body 2.88 2.84 2.85 2.81 

Virtual Transition Time 0.676 0.507 0.369 0.270 
Virtual Transition Rate at Entry 2.13 2.80 3.86 4.16 

Virtual Transition Rate 59.50 feet in 3.54 4.20 5.30 5.85 
Transition Rate in Switch 1.41 1.39 1.44 1.69 

Transition Rate at Frog End  5.51 5.38 5.40 5.38 
Part 3: Run Time of Segments, in seconds 

Switch Spiral 1.02 1.02 0.99 1.00 
Turnout arc to reversing spiral 1.98 1.99 2.01 2.08 

Reversing Spirals between turnouts 1.02 1.06 1.06 1.04 
Turnout arc to switch spiral 1.98 1.99 2.01 2.08 

Switch Spiral 1.02 1.02 0.99 1.00 
Total time through crossover 7.03 7.08 7.06 7.20 

6.1.3 Station Connection Tracks 
Station connection tracks will use the turnouts above in combination with a return curve that gives 
similar forces in the train.  For the normal 25.00 feet track spacing, the connecting curve radius, 
spirals, and overall length of connection are as follows. 
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Figure 6.1.3: Typical Track Layout, Intermediate Station with High-Speed Turnouts  

TypicalStation Track Layout 

Platform 

crossover crossover 

Platform 
Optional Refuge or Storage Tracks, 

1,500' or 1,650' clear length 
Location based on local conditions 

Figure 6.1.4: Detail of Intermediate Station Track Layout  
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Explanation of undimensioned data in Figure 6.1.4:  

• A: Distance from center of platform to approach turnout, normal arrival direction.  Set 
by operational requirement, but with a minimum distance of C plus half platform 
length plus 85 feet without refuge/storage track, or C plus half platform plus 
length of refuge turnout plus 75 feet with refuge/storage track. 

• B: Distance from center of platform to approach turnout, normal departure direction. 
Set by operational requirement, but with a minimum distance of C plus half 
platform length plus 85 feet without refuge/storage track, or C plus half platform 
plus length of refuge turnout plus 75 feet with refuge/storage track. 

• C: Distance required by geometry of the connection.  See distance labeled “Total 
length along main tracks” in Table 6.1.3. 

• S: Minimum distance between end of station turnout and crossover turnout where 
they are in the same track. 1.5 seconds run time Desirable, 1.0 seconds 
minimum. 

• XO: Length of crossover.  See “Total Length along main track” in Table 6.1.2. 

• RC:  Length required to achieve offset for Storage/Refuge Track.  Determined by 
medium/low speed turnout selected from Table 6.1.5. 
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Table 6.1.3: Standard Station Connection Turnouts and Curves, 25 feet Track Centers  

Station Connection Tracks with Spiral Point Turnouts 
Part 1: Geometry of Connection and its Segments, in feet unless stated otherwise 

Design Speed 60 mph 80 mph 110 mph 150 mph 
Platform Track Offset 25.00 25.00 25.00 25.00 
Turnout Entry Radius 10,000.00 18,000.00 34,000.00 80,000.00 
Turnout Body Radius 5,000.00 9,000.00 17,000.00 32,000.00 
Switch Spiral Length 90.00 120.00 160.00 220.00 
Frog Spiral Length 90.00 120.00 160.00 220.00 

Return Curve Radius 4,000.00 7,000.00 13,500.00 24,000.00 
Curve Spiral Length 90.00 120.00 160.00 220.00 

C.  Total Length along main track 743.65 991.80 1,364.60 1,862.87 
Total Length along Platform Track 744.25 992.25 1,364.92 1,863.11 

Angle at STS 3d44m07s 2d 48m04s 2d02m17s 1d30m04s 
Length of Entry Curve 0.000 0.000 0.000 0.000 

Length of Turnout Body Curve 213.47 290.02 404.71 574.35 
Length of Return Curve 170.78 222.24 320.21 408.76 

Part 2: Unbalanced Superelevation and Transition Rates, inches or inches/sec as applicable 
Unbalance at Turnout Entry 1.44 1.42 1.42 1.13 
Unbalance in Turnout Body 2.88 2.84 2.85 2.81 

Superelevation in Return Curve 1.25 1.25 1.25 1.25 
Unbalance in Return Curve 2.35 2.41 2.34 2.50 

Virtual Transition Time 0.676 0.507 0.369 0.270 
Virtual Transition Rate at Entry 2.13 2.80 3.86 4.16 

Virtual Transition Rate 59.50 feet in 3.54 4.20 5.30 5.85 
Actual Transition Rate in Switch 1.41 1.39 1.44 1.69 

Transition Rate at Frog End 2.82 2.78 2.87 2.81 
Transition Rate in Curve Spirals 2.30 2.35 2.35 2.50 

Part 3: Run Time of Segments and Connection in Total, in seconds 
Switch Spiral 1.02 1.02 0.99 1.00 
Turnout arc 2.43 2.47 2.51 2.61 
Frog spiral 1.02 1.02 0.99 1.00 

Curve Spiral 1.02 1.02 0.99 1.00 
Curve Arc 1.94 1.89 1.98 1.86 

Curve Spiral 1.02 1.02 0.99 1.00 
Sum through Divergence 8.46 8.46 8.46 8.47 

The speed of turnout and connection to be selected will depend upon the train speed at the point 
of the turnout.  The intent is that the limitation of speed inherent in the turnout and its associated 
curve shall not cause the train to have to be running slower than it otherwise would need to in a 
normal acceleration from full speed to stop at the platform.   

 
 

   
 Page 61 

CALIFORNIA HIGH-SPEED RAIL AUTHORITY 



 California High-Speed Train Project Turnouts and Station Tracks, R0 
 

 

 

 

 

 

 

 

 
 
 

  

 

 

   
 

 

------- --

---~ 

Figure 6.1.5: Detail of Station Entry/Exit High-Speed Turnout and Return Curve 
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6.1.4 Low and Medium Speed Turnouts 
The radii of these turnouts are small enough that there is no need to consider the Virtual 
Transition Rate or to provide a switch point or frog end transition.  All these are straight frog 
turnouts so that there is no need to consider the “hand” of the frog unless a spring frog is to be 
installed. 

Figure 6.1.6: Low and Medium Speed Turnouts 
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